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© Surgical repair suture product 



© Textile surgical articles constructed in whole or in part from high tenacity low elongation fibers such as ultra- 
high molecular weight extended chain polyethylene high tenacity fibers. The products may be braided, woven or 
knitted, such as braided tapes, hollow braids and spiroid braids. The high tenacity low elongation fibers provide 
structures having greatly increased strength and decreased elongation, a combination of properties which is 
uniquely applicable and superior for repairing body tissue. The products may be plasma treated to reduce slip. 
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BACKGROUND OF THE INVENTION 



1 . Field Of The Invention 



5 The present invention relates to suture products for surgical repair of body tissue. In particular the 

invention is directed to reinforced surgical repair products for repairing the human sternum after surgery. 

2. Background Of The Prior Art 

w Presently there are many known products for repairing human body tissue in areas where a repair may 

be required either as a result of an injury or during or after surgery. In particular, it is well known to utilize 
suture products in the form of elongated strands to repair human body tissue as well as utilizing two-part 
fasteners or metal staples for attaching body tissue after portions have been removed during surgery. 

For example, sutures intended for repairing soft body tissue are usually constructed of a plurality of 

is filaments and applied to the tissue with any number of surgical needles. More recently, a certain amount of 
emphasis as been placed upon repairing surgical bone utilizing an elongated surgical product either in the 
form of a flat band or in the form of a strand having the construction similar to a suture by simply utilizing a 
needle to penetrate the bone to apply the repair product to the bone in a manner which physically retains 
the separated bone portions together to promote permanent healing. One such example is disclosed in U S 

20 Patent No. 4,535,764 to Ebert which relates to a surgical bone tie having a needle connected to one end of 
a band such that the band may be looped and arranged to be appropriately looped around the bone 
portions requiring repair. 

U.S. Patent No. 4,813,416 relates to a band assembly and method for sternum closing with which the 
sternum halves are brought to abutting closure utilizing a band having a needle at one end to facilitate 
25 looping the band in position to retain the sternum portions in adjacent butting contacting relation. 

Numerous other products have been used to retain bone portions together to promote healing while 
numerous suture products have been used to retain soft tissue to retain healing. 

While many attempts have been made to provide such products little emphasis has been applied to the 
physical strength characteristics of the components which form the actual suture or band product in order to 
30 provide the surgeon with precision control on the product. Moreover, control is required on the tissue to 
which the product is applied in a manner which will promote healing of the tissue, yet will not cause 
unnecessary cutting of the tissue when force is applied to the product and the force is in turn applied to the 
tissue. 

A particularly desirable product for accomplishing these goals would preferably display substantial 

35 strength without significant elongation to facilitate retaining the tissue portions together. In the case of 
attaching separate bone portions of the sternum together after open heart surgery for example, it has been 
necessary to utilize metal wire filaments by looping the wire filaments around the sternum portions and 
actually twisting the filament ends together to form an attachment. The metal wire displayed sufficient 
strength to retain the bone portions together without elongation. However, the wire represented a relatively 

40 sharp nonabsorbable foreign body which remains embedded within the body tissue and thus presents a 
potential source of infection or other complications as a result of its presence within the body. Moreover, the 
relatively sharp characteristics of the wire present a danger of cutting into the bone during the application to 
the sternum. The sharp wire also presents a hazard to the surgeon and operating room personnel in that the 
wire may penetrate surgical gloves and cut the surgeon or attendant personnel, thereby creating a potential 

45 site for transmission of disease. 

While utilization of wire sutures has been used and accepted during open heart surgery there remains 
room for improvement in the products used for strapping the split sternum portions together. Desirably, it 
would be best to provide a known metallic product which not only provides the strength to elongation 
characteristics of the metal sutures but which may be utilized to form a tying product for soft as well as 

so hard tissue, in a manner which will minimize the dangers of cutting of the tissue in the surrounding areas. 
The present invention is directed to such a product. 

SUMMARY OF THE INVENTION 

55 In accordance with the present invention, textile surgical articles are disclosed which are made in whole 

or in part from high tenacity low elongation fibers such as ultra high molecular weight extended chain 
polyethylene high tenacity fibers. One such fiber is Spectra yarn from Allied Signal Corp. The products may 
be braided, woven or knitted, although braided tape, hollow braids and spiroid braids are preferred. The 
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high tenacity low elongation fibers provide structures having greatly increased strength and decreased 
elongation. 

In one embodiment, braided tapes are made from Spectra yarn. In an alternative embodiment braided 
tapes are made with Spectra runners and bioabsorbable, Dacron polyester and/or nylon fill yams. 
5 Further alternative embodiments include tubular braided structures having a core made in whole or in 

part from high tenacity low elongation fibers or spiroid braided structures made in whole or in part from high 
tenacity low elongation fibers. 

In a preferred method of the invention, a braided tape reinforced with ultra-high molecular weight high 
tenacity fibers is used to join a divided sternum by tying, or other appropriate means. The tape has a very 
w high strength, preferably equal to or greater than 35 kg. straight pull and more preferably greater than about 
50 kg. straight pull, and low elongation at break, preferably below about 20%, more preferably below about 
10 to 15%, and most preferably below about 5%. 



75 



BRIEF DESCRIPTION OF THE DRAWINGS 



Preferred embodiments of the invention are described hereinbelow wherein: 
Fig. 1 is a perspective view ■ of a portion of a split human sternum illustrating one application of the 
present invention for retaining the split portions together to promote healing; 

Fig. 2 is an enlarged view of the suture product shown in Fig. 1 illustrating one embodiment wherein the 
20 elongated product is a flat braided member and contains at least eight reinforcing filaments extending 
along the length; 

Fig. 3 is a cross-sectional view taken along lines 3-3 of Fig. 2.; 

Fig. 4 is an enlarged view of an alternative embodiment of the suture repair product of Fig. 2 wherein the 
elongated braided product contains at least seven reinforcing filaments extending along the length; 
25 Fig. 5 is a cross-sectional view taken along lines 5-5 of Fig. 4; 

Fig. 6 is a view of an alternative embodiment of the suture repair product wherein the elongated member 
is a spiroid braided member having a generally circular cross-section containing at least one elongated 
reinforcing member; 

Fig. 7 is a cross-sectional view taken along lines 7-7 of Fig. 6; 
30 Fig. 8 is a view of another alternative embodiment of the suture repair product wherein the elongated 
product is a hollow braided member having a generally circular cross-section and contains at least one 
elongated reinforcing member extending centrally thereof along the length; and 
Fig. 9 is a cross-sectional view taken along lines 9-9 of Fig. 8. 

35 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring initially to Fig. 1 there is illustrated a sternum closure ribbon 10 constructed according to the 
present invention and positioned to retain portions 12,14 of a human sternum 16 together. The band 10 is 
preferably a braided product as shown in Figs. 2 and 4 having a plurality of elongated filamentary 

40 reinforcing members of ultra high molecular weight polyethylene fibers. The fibers may be plasma treated 
to reduce slip characteristics of the yarn, if desired. In particular, such fibers as extended chain polyethyl- 
ene high tenacity fibers (ECPE) marketed under the trademark SPECTRA® by Allied-Signal Technologies, 
Petersburg, Virginia 23804 are preferred as reinforcing members provided in the product of the present 
invention. SPECTRA 1000 yarn is suitable. These extended chain fibers exhibit a molecular weight 

45 generally between about 1 million to about 5 million but also may be as low as 500,000. They exhibit a very 
substantial degree of crystalline orientation (95-99%) and crystalline content (60-85%). As a result the fibers 
exhibit strengths from about 375 kpsi (thousands of pounds per square inch) to about 560 kpsi and tensile 
moduli of from about 15 msi (millions of pounds per square inch) to about 30 msi. The significant strength 
and stability of these fibers are caused by the high degree of molecular orientation. Moreover, since the 

so fibers can be provided as multifilament or monofilament fibers which can be braided, woven, knitted or 
otherwise processed to form a textile product it will be readily appreciated that any number of reinforced 
textile products may be provided similar to the band 10 shown in the drawings, but with numerous 
alternative applications as will be described hereinbelow. « 

Referring now to Fig. 2, the band 10 shown in Fig. i j s shown in greater detail as an elongated flat 

55 braided textile product having a plurality of high molecular weight fibers 18 extending along the length of 
the band. 

The elongated fibers 18 are preferably made of ECPE marketed under the SPECTRA® trademark and 
are surrounded by braided fibers 20 which may be of the bioabsorbable type. For example, fibers 20 may 
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be made of any suitable bioabsorbable polymeric material such as polymers or copolymers of glycolide, 
lactide, p-dioxanone, polyester, polyamino acids and the like as disclosed in U.S. Patent Nos. 2,668,162; 
3,297,033; 3,636,956; 3,736,646; and 3,839,297. The number of reinforcing filaments 18 included in the 
braided band 10 shown in Fig. 2 is optional as is the specific construction of the band. For example, as 
5 seen in Fig. 4, there is an example of an alternative braided band construction having seven reinforcing 
filaments 18 of high molecular weight, high strength fibers of the type shown in Fig. 2. Furthermore, as seen 
in Fig. 7, there is an alternative elongated embodiment of spiroid braided construction of generally circular 
cross-section and comprised of one or more elongated filaments 26 of high molecular weight, high strength, 
with the remainder of the braid being of bioabsorbable filamentary materials to form a braided rope-like 
70 construction of generally circular cross-sectional configuration as shown in Fig. 7. Alternatively the braided 
product 22 may be constructed entirely of such high molecular weight, high strength, elongated filaments 
24. Braid constructions having a circular cross-section are described in U.S. Patent Nos. 3,565,077 and 
5,019,093. Any number of combinations of bio-absorbable yarns, filamentary or otherwise,' and/or non- 
absorbable, and high strength filaments are contemplated, depending upon the intended application. 
75 In Figs. 8 and 9 there is shown a hollow braid construction 28 having a sheath constructed of 

bioabsorbable yarns 30 and having a core 32 of high f molecular weight, high strength filament. Any number 
of alternative combinations of 0 to 100% absorbable filamentary or otherwise, and/or non-absorbable yarns 
and high strength filaments are contemplated depending upon the intended application. 

It will be appreciated that in addition to the examples which follow hereinbelow, numerous alternative 
20 textile constructions may be incorporated into the present invention to form a reinforced band for attaching 
body tissue such as a soft tissue or bone tissue without suffering from the disadvantages from presently 
known materials. For example, it is conceivable within the scope of the present invention to provide a woven 
structure containing a plurality of elongated high strength filaments 18 in the warp direction wherein the filler 
yarns are of a suitable bioabsorbable material such as polymers or copolymers of glycolide, lactide, p- 
25 dioxanone, polyester, polyamino acids and the like, or with fill yarns of a nonabsorbable material such as 
Dacron polyester or nylon. Likewise, knitted structures may be strengthened by reinforcement with high 
tenacity fibers. It will be appreciated that in each of the embodiments discussed herein the strength 
characteristics of the high tenacity, low elongation fibers 18 will provide the substantial force carrying 
capability to the elongate product while the fibers 20 surrounding the high strength filaments will provide the 
30 necessary structural support to the main fibers for forming the product. The surrounding fibers will also 
define the "hand" or "feel" of the band. 

Accordingly, it is possible in one application to position the reinforced structure 10 about the split 
portions 13,14 of the human sternum 16 as shown in Fig. 1 whereby substantial force may be applied to the 
band by tying the band either by a knot 22 shown in Fig. 1, or by other techniques whereby significant 
35 force may be applied and retained to promote natural healing of the sternum portions 12,14, e.g. 
mechanical connecting devices such as buckles, etc. See, for example, U.S. Patent No. 4,813,416. it has 
been found that such a band has a strength to elongation ratio comparable to stainless steel. The strength 
and load carrying capability of the elongated filaments 18 is sufficient to transmit substantial force to the 
sternum with minimum elongation occurring to the fibers thereby permitting the sternum portions to undergo 
a natural healing process. Furthermore, in addition to the textile processes of braiding and weaving it should 
be noted that alternative textile processes may be utilized including knitting techniques, provided that the 
final product contains a plurality of elongated high strength filaments 18,22 extending along at least the 
length of the product in the force-carrying direction to maintain the tissue portions together. 

The braided product also may be made on a so-called spiroid braider by a method whereby a plurality 
45 of filament dispensers are moved in the same direction to different positions around a closed loop. In 
addition, the braid product may be produced by a conventional braiding process by directing a plurality of 
yarn dispensers along in equal and opposite undulating paths while directing the filaments or filler fibers 
toward a common braiding zone. In either process the final braided product will be manufactured to include 
a plurality of high strength, high molecular weight, high tenacity filaments as disclosed hereinabove, either 
so as a component of the product, e.g. a core, or as the sole material used to construct the product. In 
addition, the yarn and/or product may be plasma treated depending upon the particular needs or intended 
application so as to reduce the perceived "slipperiness" of the product as desired. 

For example, in any of the braided products disclosed herein the portions of the yarns may be of such 
high molecular weight, high tenacity filaments while the remaining portions are of absorbable or non- 
absorbable fibers or filaments. Further, the yarns may also be entirely of such high molecular weight, high 
tenacity filaments. For such products containing a core, the core may be as noted above, in combination 
with various types of fibers and/or filaments, absorbable or non-absorbable as described herein. 
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The final product could be provided with a surgical needle at one or both ends to facilitate insertion of 
the product into the body tissue whether the body tissue be soft skin tissue or hard bone tissue, or the 
needles may be utilized to facilitate looping the product into and out of spaces formed between the 
component members of the body such as the components forming the human sternum. Alternatively, the 
product could be provided with a needle at each end to facilitate ease of application to the body portions. In 
either event, the strength and the load carrying filaments 18. and the minimal elongation to strength 
percentage renders such filaments ideal for incorporation into a final product wherein body portions can be 
retained together to promote healing. In particular, the formation of a surgical suture repair product utilizing 
textile processes in combination with bioabsorbable filaments renders the incorporation of high tenacity, 
high strength, high molecular weight filaments 18 as an ideal combination to form a surgical suture repair 
product. 

The following examples are provided for flat tapes and braids which can be utilized to tie two half 
portions of a human sternum to promote healing. In the examples which follow, all tapes or braids use 
Dacron polyester yarn. Braiding of the tapes or braids with Dacron yarns are noted for exemplary purposes 
only and such yarns may be appropriately substituted with any other suitable bioabsorbable or nonabsor- 
bable yarns, as desired or appropriate for a particular construction. Of course, substitution of different yarns 
may require variations to the structure as required to accommodate changes in density and/or fiber denier. 
The fibers may be twisted or air entangled periodically to create a false twist. 



20 EXAMPLE 1 
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A braided tape of Spectra 1000 high tenacity polyethylene multifilament fibers (60 filaments, 215 
denier) was made on a 15 carrier flat tape braider with 7 parallel runners. This structure is shown in Figs. 4 
and 5. Tests showed the following properties. 



Denier 


= 10,585 


Tape Thickness 


= 0.66 mm 


Tape Width 


= 3.91 mm 


Knot pull 


= 47.5 kg 


Straight pull 


= 66.5 kg 


Pick count 


= 20 crossovers per inch 



35 



The tape of this example was made with, air entangled rather than twisted yam. It is contemplated that the 
yarn could instead be twisted prior to braiding, with all or some of the yarn twisted in either the "s n or n z n 
directions. Twisted yarn should increase strength and decrease slipperiness of the tape. 



EXAMPLE 2 



40 



A braided tape having multifilament Spectra 1000 runners (60 filaments, 215 denier) and Dacron fill 
yarns was made on a 17 carrier braider with 8 parallel runners. This structure is shown in Figs. 2 and 3. The 
Dacron fill yams were made with three plies of air entangled 100 denier. 54 filament Dacron type 55 yarn. 
The properties of the tape were measured as follows: 
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50 



Denier 


= 7,551 


Tape Thickness 


= 0.34 mm 


Tape Width 


= 3.14 mm 


Knot pull 


= 36.5 kg 


Straight pull 


= 53.6 kg 


Elongation at break 


= 3.4% 


Pick count ! 


= 26 crossovers per inch 



55 EXAMPLE 3 



A braided tape is made with Spectra 1000 runners (60 filaments, 215 denier) and nylon fill yarn. The 
nylon fill yarn is made from three plies of 100 denier, 34 filament type 385 Dupont bright air entangled 
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nylon yarns. The tape may be made to the desired width, thickness and pick count on any appropriate 
braider, such as a 15 carrier braider with 7 runners or a 17 carrier braider with 8 runners or a 21 carrier 
braider with 10 runners. 

s EXAMPLE 4 

A braided tape is made with Spectra 1000 runners (60 filaments, 215 denier) and a bioabsorbable fill 
yarn such as a yarn made from a copolymer of glycolide and lactide. The bioabsorbable fill yarn may be 
twisted or air entangled and plied to a total denier of about 300 denier, the tape may be made to the 
w desired width thickness and pick count on any appropriate braider, such as a 15 carrier braider with 7 
runners or a 17 carrier braider with 8 runners or a 21 carrier braider with 10 runners. 

EXAMPLE 5 

75 A braided tape of plasma treated Spectra 1000 high tenacity polyethylene multifilament fibers (60 

filaments, 215 denier) was made on a 15 carrier flat tape braider with 7 parallel runners. Tests showed the 
following properties: 



Denier 


= 5,338 


Tape Thickness 


= 0.40 mm 


Tape Width 


= 3.21 mm 


Knot pull 


= 47.5 kg 


Straight pull 


= 66.5 kg 


Elongation at break 


= 8.6% 


Pick count 


= 25 crossovers per inch 



The tape of this example was made with air tangled rather than twisted yarn. It is contemplated that the 
yarn could instead by twisted prior to braiding, with all or some of the yarn twisted in each of the "s" or "z" 
30 directions. 

The tape made from plasma treated yarn was perceptibly less slippery than the tape of Example 1 , 
which may be desirable under some circumstances. 

EXAMPLE 6 

35 

A suture of spiroid braid construction was made on a 15 carrier spiroid braider using Spectra 1000 yarn 
(60 filament, 215 denier). The braid is shown in Figs. 6 and 7. The braid had the following properties. 



Denier 


= 3,248 


Diameter 


= 0.832 mm 


Knot pull 


= 32.4 kg 


Straight pull 


= 43.0 kg 


Elongation at break 


= 14% 



45 

Spiroid sutures may be made with twisted yarn with a variety of carriers, such as 9, 12, 20 or 25 carriers, as 
desired to obtain a particular configuration. 

EXAMPLE 7 

50 

A suture of hollow braid construction having a Spectra 1000 core was made, and is shown in Figs. 8 
and 9. Dacron air entangled bright polyester yarn (40 denier, 8 filament, type 55) was used on the carriers 
of an 8 carrier braider (4 carriers travelling in the S direction, 4 carriers travelling in the Z direction) to make 
a sheath surrounding a core of untwisted Spectra 1000 yarn. The properties of the suture were as follows. 
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20 



25 



Denier 


= 559 


Diameter 


= 0.20 mm 


Knot pull 


= 3.9 kg 


Straight pull 


= 7.9 kg 


Elongation at break 


= 3.3% 



A wide variety of hollow braid constructions are contemplated. Thus, sutures having Spectra 1000 core or 
components can be made on braiders having 12, 16, 24, 28 or 32 carriers, and numerous yarns can be 
used to form a sheath surrounding the core, such as bioabsorbable yarn; Dupont Dacron polyester air 
entangled bright yarn (such as 100 denier, 54 filament type 55 bright yarn or 70 denier, 34 filament type 52 
bright yarn); or Dupont air entangled nylon yam (such as 40 denier, 13 filament type 335 bright yam or 100 
denier 34 filament type 385 bright yarn or 70 denier, 34 filament type 185 bright yarn or 55 denier 17 
filament type 865 bright yarn, or 15 denier 7 filament type 180 bright yarn). 

The core yams may be twisted to condense the structure or plied to increase strength and denier. The 
sheath yarns may also be twisted, if desired. 

In the foregoing examples, all physical tests were conducted at 73 • F, 50% relative humidity on an 
Instron Corporation Model 4502 test apparatus. Knot pull tests were performed using a 6 inch gauge length 
with a .5 inch per minute crosshead speed. Straight pulls were made using a 10 inch gauge length with a 
10 inch per minute crosshead speed. Yarn or tape grips were used, as appropriate. 

While the foregoing description contains many specifics, it will be understood that numerous modifica- 
tions may be made within the scope of the appended claims. By way of example, a wide variety of yarn 
substitutions may be made to arrive at various braided tape or hollow and spiroid suture configurations 
constructed in whole or in part from high tenacity reinforcing fibers. In addition, bioabsorbable and non- 
bioabsorbable yarns may be substituted as desired to achieve properties and characteristics suitable for a 
particular situation. 



Claims 



30 1. A surgical repair product which comprises a flexible elongate member which comprises a plurality of 
elongate fibers of synthetic polymeric material with an elongation to break of less than 15 % and a 
straight pull (otherwise called ultimate tensile strength) of more than 35 kg, the product being for 
retaining split portions of human issue in adjacent contacting relation to promote healing thereof. 

35 2. A product as claimed in claim 1 wherein the tissue is split portions of the sternum. 

3. A surgical repair product which comprises a flexible elongate member comprising fibers of an ultra-high 
molecular weight extended chain high tenacity synthetic polymeric material. 

40 4. A product as claimed in claim 1 , 2 or 3 wherein the material is polyethylene. 

5. A product as claimed in any one of the preceding claims wherein the molecular weight of the material 
is in a range of from 500,000 to 5 million. 

45 6. A product as claimed in any one of the preceding claims wherein the fibers or the elongate member 
havs been plasma treated to reduce their surface siipperiness. 

7. A product as claimed in any one of the preceding claims and with at least 7 of the fibers extending in 
the length direction of the elongate member. 

50 

a A product as claimed in any one of the preceding claims wherein the elongate member is braided. 
9. A product as claimed in claim 8 wherein the braid is spiral. 
55 10. A product as claimed in claim 9 wherein the elongate member is in the form of a hollow spiroid braid. 
11- A product as claimed in claim 10 wherein the fibers form a core within the hollow braid. 
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12. A product as claimed in any one of claims 1 to 8 wherein the elongate member is a flat tape or ribbon. 

13. A product as claimed in any one of claims 1 to 8 and 12 wherein the elongate member is woven, with 
the length direction being a warp direction of the weave. 

5 

14. A product as claimed in claim 13 wherein there are fibers of polyester or polyamide in the weft 
direction. 

15. A product as claimed in any one of the preceding claims wherein the fibers are sheathed in bio- 
10 compatible material. 

16. A product as claimed in any one of the preceding claims in which the elongate member is fitted at each 
end with means to facilitate location of the elongate member relative to bodily tissue. 

75 
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